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This publication contains a teeries of papers which 
promote the concepts of energy conservation aqd offer safe and ' 
convenient ways of handling all aspects of our lives affected by 
enetgy without having, to dep,end in any way on fossil fuels or nuclear 
power. These changes, which can be brought about in'^homes and 'in 
enetgy flows affected by the individual, can reduce the energy 
consumption of our society by 9051. Among the topics discussed are: 
means of mii^imizing heat loss in houses, cooling, food*ktorage and 
cooking, water conservation, wastes, home structure and furnishings, 
lighting, sod roofing, the utilization of wood as a fuel, and 
Ouroboros (an experimental house designed and constructed by an 
Environmental Design class at the 'Uni versity of Minnesota). (BT) 



D^'cuments acquired by ERf G include many informal unpublished 
materials not available from other sources. ERIC makes every effort 
to^^ obtain the best copy availably. Nevertheless, items of marginal 
reproducibility are often encountered and this affects the quality 
of the microfiche and hardcopy reproductions ERIC makes available 
via the ERIC Document Reproduction Service (EDRS) . EDRS is not 
responsible , for the quality of the original document. Reproductions 
supplied by EDRS are the, best that can be made from, the original. 
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ithih the last century our culture has taken an unprecedented form/ * 
V centered on the premise of unlimited, cheap energy, emd on the 

desirability of its unqualified use. As a result, all aspects of our 
culture and our lives have developed forms which can only be supported 
Dy massive energy consuinp1:ion emd whi^h cam only be considered valid 
from within those assumptions. These forms are not necessarily better 
than other' ones, and are coming to be seen as |l^ing cc^nsiderable 
V negative effects that often outweigh their as8umed\ advantages . * 

Growing realization of the limited nature of our pre^sent energy sources 
and of the environmental degradation catised^by their use are bringing 
us to recpnsider the wisdom of our cultural and technological premises. 
We are beginning to see the great and unnecessary waste in our ways ' 
of doing things, and to discover ways to accomplish our dreams with 
less need foy energy. 

Our assumptions about energy deeply permeate our thinking, and so far 
we have mostly concerned ourselves with trying to continue our present 
ways a bit more efficiently, rather than asking if they are perhaps 
basicly wrong. We have not looked carefully to see if it is possible 
to escape our .^dependence on energy (particlulariy fossil fuel energy) ^ 
and' if it is possible and perhaps more desirable to live lightly and 
more siirply. ' « . 

✓ 

Our attitudes towards what we think is possible and. towards how we wish 
to live are the most importcuit factors in determining how much energy 
we.use (amd waste), the nature of ouj energy use, and the quality of 
our lives which result: from its use. Our complete immersion in our 
current way of using energy and our lack of knowledge of the existing 
_ amd proven alternatives prevent us from developing other, and |)erhaps 
mor^ pleasant, ways of living which have cOnsiderijDiy different energy^ 
implications and effects upon our lives. 

There are perfectly safe and convenient, ways of handling ALL aspects 
of our lives affected by energy without having to depend in any way 
on fossil fuels or nudlear power. This should be obvious, as there 
have been many cultures in our world equally as refined, luxurious, 
sophisticated, and comfortai^le as; our own - some even more so.- without , 
our dependence upon energy. It is not obvious to us because we are 
only familiar with fossil fuels and nuclear power, and are unfamiliar 
with the different patterns of benefits amd problems associated with 
other ways of doing things. 

The projected-Gxponential growth in our energy use and its attendant 
problems are entirely 'unne ices sary as well as undesirable. It is possible 
to live quite comfortably on a fraction of the energy we consume today, 
W[fe' CAN choose to live wisely axi^d gently in our world, and the changes 



possible through that are not insignificant.- It is possible today, 
without hardship, to reduce the energy consuinption of our society by 
90%^and live happily on less than one-tenth of the energy we now use, 
while" at the sajne time enriching our freedom, our enjoyment, and our ' 
lives. 

Changes' which we individually can bring about - in our homes and in 

the energy flows yhicK are affected by our actions there -can, in great 

measure, bring about such changes. 



1- See study on attitudes and energy underway by The ^nergy Policy 
Project, Washington, DX. 

2. See V,I^.A. Village Technology Handbook , Tools for Progress by the 
Ihtermealate Technology Group, etc. 

The Ancient Khmer Empire > by Lawrence Briggs for information 
on the culture that built Angkor Wat,, etc. Also, Joseph Needham»s 
Science and Civilization in China has a wealth of information on 
the ingenius tefrhnology of China. " ^ . 



The Problems With Bricks In Your Toilet 

Most Of the iaformation we are deluged with concerning our use df 
energy is either of a crisis nature or persuasive literature suggesting 
that all will be well if we only turn* down the furnace a couple of 
, degrees, fix the leaking faucet, put a brick An our toilet tank, or 

put smaller wattage light bulbs in our attic. Because they are unwilling, ' 
to question or ch^ge* any of our accepted practices and attitudes, 
these "save-a-watt" suggestions studiously avoid any of the central 
issues of our energj^ problems. They make us feel we're "wringing every 
last bit'* out of our energy, when possible improvements are actually ^ 
several orders of magnitude greater. Many suggestiojis are designed ^ 
only to shave demand peaks for the utility companies, even out/ loads, 
or protectothe industry's interests. 

For instance, the U.S. Government booklet-, "7 Ways to Reduce Fuel 
Consumption in Household Heating. ... through energy conservation*', 
put 9ut by i:he Special Assistant, to the President for Consumer Affairs 
and the National Bureau of Standards, suggests things like repairing 
leaking faucets, closing draperies at night, cleaning furnace filters, 
etc. All of these offer savings, but are hardly significant relative 
^o the 60% loss of heat energy occuring when electricaJv^ieat is used, 
the general overheating of buildings, the potentials of sdjar heating, 
'the subsidized costs of- fuels, etc. The booklet, "60 energy' savers 
that make cents", put out by Northern States Power Comp6my, has 
quite a few good suggestions on economizing on energy use in the hon 
and suggests ways of using your air conditioner more ef f icientlvX^ 
'but doesn't mention that there are other means of maintaining .^mmer 
comfort in a home that use less energy. " ^ 



Minnegasco sends out ener^ saving tips in its billings, but, at the 
same time advertises gas paKio lights and other frivolous uses of gas. 
It also doesn't mention* that \he 600,000 households in the Minneapolis 
area that heat t^^eir homes witk ga> pay theilr gas company $6 million 
to $10 million every summer ajAd ^aste more than 5 , 000 , 000 ^cubic feet 
of gas in the process, solely because they don't know enought to turn 
off the pilot lights in their furnaces at the end of the heating 
season. Few are aware that the pilot light bums $3-4 of gas a month, 
and many don't even know there is a pilot light. 

None of the utilities mention the inverted nature of their rate 
structures whi^ch generally give discounts to large energy users and 
charge you more per unit of energy the less you use. NSP charges 
5.1*/kwh for th6 first 60 kwh of residential use per month, but if 
you use more than 800 kwh/month, they only cost you l,65<?Awh, if 
you use a lot pf electricity (electric heat or hot water) r you pay 
approximately 20% less than that. If you are a commercial or 
industrial user, your rates are even more subsidized by residoi^ial 
users. Obviously, such rate structures do little to encourage 
efficient energy use. . ^ 

) 

The electric and gas utilities are beginning to realize that even their 
oyn interests are not necessarily best served by promoting higher energy 
use, and are becoming .somewhat more responsive towards energy conserving 
suggestions and policies. They still have far to go. The argument 
is made that they can produce power more cheaply if done atr a constant 
full-load rate (thus agreeing to "peak-sh^aving" . conservation but still 
offering lower rates to stimulate off-hour use) , As far ^'s spreading 
capital costs over the greatest pdssible production, that is true. 
However, every pound of coal or ba;rrel of oil consumed is gone - 
whether at peak or off-peak hours. 



Changes in a person's life style - e^^en fairly minor ones - can have 
a much greater impact on energy use than most "save-a-watt" ideas. 
Not using electric heart, not using air conditioners, usirrg solar watier 
and space heating, liying near where you work, and consuming less can 
quite significantly lessen fuel consumption. Living where you work 
saves not only gas but highway construction and maintenance costs, 
auto depreciation and replacement costs, parking space, etc. It is 
also better for your healthy. Sharing a car saves energy, but using 
trains and busses saves much more, and staying home eliminates the * 
problem. Use of unprocessed foods can eliminate huge energy ♦ ' 

expenditures by industry that don't seem related to household 
energy consumption though theyo are totally determined by the attitudes 
and lifestyles occuring there. 

Our attitudes towards energy underlie many of the problems of our 
culture and ^support uijreasonably inefficient institutions, spend 
$78 billion a year on academic education, while other learning 
processes produce rather than consume goods, time, and energy, ^'^ 
Our agriculture uses more energy than it produces, and our industry, 
transportation, entertainment, etc, are all energy-intensive. If 
measured on any broader criteria than our traditional economics, they 
are incredibly ineffective in both energy use and the fulfillment of 
their intended pucpose. 

Jo 



Unnecessary activity involves a far greater energy loss to our society 
%han inefficient use of energy - ancT is more easily eliminated. CXir 
major energy wasters include war, early obsolescence, unnecessary work, 
advertising, industrial waste heat, private transport, inefficiently 
used public transport , attempts to heat or cool large volumes, 
industrialized agriculture, bureaucracies based on irrelevant tally, 
our processes of obtaining lenergy, non-reused or recycled materials, 
and the style in which we live. If we were in a totally independent 
country with truly unlimited and undamaging energy resources, this - 
incredible waste would be less serious - though still damaging to ^ 
pur personal growth and vitality. In an interconnected world with 
-limited fuel reserves, it brings serious questions of political 
independence between fuel producing and c6nsuming nations. In economic 
competition with, countries with wiser energy policies , such as China, 
our energy waste will inevitably bring us severe and damaging trade 
imbal^ces, monetary adjustments, and worsening of our quality of - 
life. Perhaps its jjriost damaging product remains the effects pn our ' 
heads of careless lack of concern and understanding of the people, 
processes, energ;^ fl^^^s, and situations in which we are Involved. 

Direct waste of energy in homes is relatively minor in comparison 
to wastes in these other sectors of our society. However, the 

greater wastes are all within energy flows ^that originate or end in ^ 
the hoipe o'r are determined by our actions there, and cxi^slderable ' ^ 

leverage exists in eftergy practices in the home to change larger 
ones as well. Quite substantial amounts of energy CAN be saved within 
the household, and in the process we can move to some more satisfying 
ways of iNiving. 

- \ ^ . ^ ^ ^ 

"^4. See N.S.P. Rate Schedule, Jan. 1972 . 
5. U.S. Statistical Abstract, 1972 . 

^- See Ipelengenq - School for Mahalapye, Botswana ^. Stephen Murray. 

1973 thesis, Univ. of Minn. School of Architecture for good discussion 
of productive rather than consuxnptive learning processes. 

7, See "City Planning in China", Graham Towers. ARCHITECTURAL DESIGN, 7/73, 
for discussion of Chinese regional planning policies. 
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Don't Solve Problems - Avoid Them "' 

It is wiser to avoid energy use than- to maximize the efficiency of 
its actual employment. In order of decreasing effectiveness and 
increasing cost and involvement, energy use can be avoided by determinifig 
the following: 

1. Is the activity for which the energy is to be used necessary? Can 
it be avoided, thus totally saving the energy necessary for its 
accomodation and operation? 

2. If the activity is necessary, where is the most desirable climate 
for it? ^ Ought it to be located where substantial energy is necessary 
for heating, cooling, transportation, etc.-? Can it move south in 
the winter more economically than heating and shoveling snow around 
it all winter? ' \ . 

*3. Where are the most favorable micro-climatic conditions? They can 
considerably minimize the heating, cooling, and other climate 
tempering energy needed. ' (Seattle has a very wet winter, while 
across the Sound, in the rain shadow of the Olympic mountains, the 
sun almost always shines. In Toronto there is a 30° difference between 
winter temperatures alon^ the lakefront and those in the river valley.) 

c 

^4. Develop a lifestyle, or, ways of performing the activity that consume 
least, energy and place least demaiid ujjon the^ surrdundings. The^' 
variations in the way we do*things can easily double (or ^alve) 
the energy used, 

5. V Design buildings, when bui/ldings are necessary, that minimize 

energy demands for construction and operation. 

6. Find the most efficient msahs of obtaining and utilizing the right 
energy necessary to fill those needs. It is only this last 
questiqn, and that usually only in part, that is asked when 
considering energy conservation. Its effectiveness is rather lov;, 
as it can only ho^e to more effectively satisfy conditions which 
were perhaps unnecessary to begin with^ 



Energy Flows Through The Home , 

SPACE HEATING 

•Space heating is. usually the largest energy flow through a house in 
its normai^^ope ration. - Minimizing heat loss from the house and 
choosing and economizing on the sources of make-up heat offer the 
most substantial means of removing our dependence upon fossil fuels ^ 



for space heating. The economics of insulation are tied to the costs 
of fuel - the higher the^cost of ifuel, the greater the fuel and dollar 
savings through added insolation. Conventions of house construction 
and the material and insulationVosts of insulation also- affect the 
ecopomic^f minimizing heat loss from^ a duelling, 'a substantial" 
•rise in fiJel costs over present rates would, in addition to making 
much more heavily insulated homes d6siral?le, entirely change the 
relative economics of solar heating or -wind-eleclric heating. ' 
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Determination of economic thickness 
of insulation. ^ 



Fuel savings by conveptiiDnal 
meani| of preventing heat lo^s. 



Conventional practices of minimizing heat loss are fair'ly widely 
known, though not universally applied/ Wall and ceiling insulation , 
minimizing infiltration through weatherstripping of windows and doors, • 
trouble glazing or adding storm windows to window and door openings all 
offer substarntial savings in almost any part of\th^ country except the 
extreme south. Even weatherstripped and double-glazed^ windows are 

'often the largest singj^e factor in heat loss from a house. Southern 
windows are, however,* also a potential ^urce of inexpensive sol^r 
heat. In combination with insulated panels, shutters, or.curtains 
which can be closed over the windows at night to change tJ^ heat loss J * 

'they can of fe'r considerable ^benefits. ~ both in minimizing heat loss 
and in gaining very low cost solar supplementary heating. Careful 
design of > overhangs and landscapiVig to minimize heat gain in the 
summer can make, such windows a considerable benefit to the ener^ flows 
through a house. 
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Numerous architectural factors can affect the heat loss of a ■ . 

structure^ - its geometry, the amount .of surface area of walls and 
roofs,, the relative orientation of windows and large Wall surfaces 
to the sun and wind, the color of surface materials, the heat ^ 
transmission of structural and surface materials, the design of 
landscaping to minimize wind speed, etc. The use of earth berms or 
building beneath the ground level can offer considerable heating and 
cooling sawngs , as the gtound temperature a few feetodown remains 
at a stable\45-60 F, and can do much to minimize the great temperature 
fluctuations that a normal heating' system must deal with. Some 
moisture and condensatiqn problems arise ino that kind of construction, 
but c«ui be avoided through careful design. 

Another means of minimizing heat loss is through maintaining a lower 
temperature in the spaces. Many homes today are hea1;ed to IS^or above, 
yet keeping the temperature at 68° in the daytime anS five degrees low^t^" 
at night is mroe healthful, comfortabje, and saves about 3% of heating 
costs fot every degree lowered. Spending more time outside, or in - _ ' 
spaces open to the outaiide also can acclimate us to either colder 
or hotter amBient temperatures them we would choose if kept in constant 
tenperature surroundings. This can allow us to be comfortable in 
cooler winter room temperatures and warmer summer room tenperiitures , 
lessening the energy necessary for comfort, . ' 
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Compoiiiion of Residential PoWer Uuge In a MiUUry Housng Project 
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The energy that is lost from- water heaters , fyrnaces, and other 
'■household appliances offers a mixed benefit ,and p^roblem. The energy 
used and lost from those appliances should be minimized to begin 
with, but what heat is lost can go towards si>ace heating, and-can 
minimize the nee^for additional energy. In the summer, however^ 
the g^ame heat- put into the occupied^paces makes them less comfortable 
and requires several times the energy expenditure to cool the spaces 
again. - The keeping of f umaces^ waterTieaters , and appliances in 
occiapied spaces rather than crawl spaces, garages, or basements, can 
retain, their hea^t in more useable form', and get almost double use out 
^f^some of the^heat. ^ Furnaces can^ be ^turned dff at the end of the 
heating -season-, and other /appliances located in well-ventilated " ' 
plaaes where -their waste heat can be. vented to 'tliS outside'in the 
summer months., " ' •1^^'' 



Vpntilation heat recovery can be used lo transfer the heat from 
exhaust .air to incoming Ventilation air where mechanical ventilation 
IS necessary. The use of entry 'ye^tibules^ can help minimize the 
heated air lost through the comings and goings of people. In much 
modern construction the infiltration losses are actually lower than 
nec«»ss^Yy ventilation needs, but some further conservation can. be 
made l^ugh the evening out of the time and location 6f infiltration. 
Thf co^ect design of fireplaces, with tight dampers and with control 
of_^c,ontoustion air, can both minimize loss of heated air when the 
fireplace is not in use and also" improve the operating efficiency when 
It is in use. _ Most homes .also maintain the same temperature in all 
rodms, or? lower teii^eratures in quiet rooms suqh as bedrooms, when - 
actually the more active rooms require less heat. 



I 



Lf we take. a tip from heating practices in China, Japan, and other 
tradi-tional xnjltur.^s, we oould think in terms of keeping the people 
warm rather than the space, using more insulated clothing rather 
than buildings, an<f keeping lower temperatures in places of active ' 
work or where clothing o% activity can keep a person warm. 

After the sun, people are actually our best energy source,.' are 
always giving off heat from our bodies, and the conservation of that 
heat loss can go far towards maintaining comfort without additional 
heating. Sleeping, we give off about ^80 BTU/H per person, which 
rises to 400 BTU/H'for quiet sitting , ^nd 800 BTU/H ,for housework. 
Spaces containing many people; and some small, well-insulated spac^ 
may require no additional heat beyond that given off by the people in 
them. ' • " 

For mechanical work, "also, we are often among the most efficient 
energy sources. Assuming we would be alive and eating anyhow, we only 
have'to. pqy for the ^xtra energy expended ^during the work considered, 
while for draft^anijnals- v/e have to consider' their entire' enejcg^r 
consumption wHetJ^sr working or not, and before becoming old enough to work 
Mechanized energy sources are almost invariably less efficient when 
their total energy use is considered. 



^Income energy, sources for heating, which don't deplete our energy 
reserves, .include solar heat:^ng; solar electrical heatincj; hy(^\ 
wind, and perhaps geotheifmal an'd tidal electricity; wood heat; 
methane, alcohol and hydrogen from agricultural wastes, algae 
prbduction, wood-, etc. . Solar heating has probably the greatest^ 
potential for minimizing our dependence on other energy soxjrces. for 
spac^ heating - both through complete heating systems,- and through" 
very low cost means of tempering .saving, and evening out the. normal 
heat rhythms in our ' surroundings , Although intensi-ve work on 

\ising income ener^ sources is only beginfiing/ there are^sev^ral 

techniques and sirstems that even in prototype, state are marginally 

conpetative with foSsil fuel systems, CDinmercially available, 
mass -produced systems fq^r 100% solar heating, hot wat,er>'and air 
conditioning should be available on the market within two year^. 

Commercidii electricity generation from methane, and the tree - of 
wa"*te heat\from the generation process to operate yheat pumps for 
space heating offer possibilities of gaining greater efl^iciency 
out ot the, process of transforming ^and distributijrig; energy^ Other 
possibilities of improving efficiency of heating processes include 
the use of infra-red reflective heating' systems^ for gre^ater efficiency 
in warming pjjple' while maintaining the actual air temperattire at a 
lower level. The ^provement of present heat-pump arid\^eat-pipe 
techniques »promise^ considerable increase in efficiency of energy use ' 
and transfer. Careful design of gravity, specific-density, and 
pther heating systeins that require minimal" operating energy can 
make sol^-bas'ed space heating almost, if noi^ totally, free, of 
need for auxiliary energy sovirces. Gombination of solar-electric 
and solar-heat collectors presently under, development promise . r 

a more con^lete, use of the ene'rgy' ^falling on a collector^ and- can \^ 
provide operating energy as well as a heat source. ^ 

Wind-electric energy can be added to a solar heat sink through resistance 
®^®cjjic heaters to store excess energy not needed to operate appliances, 
etc. Improvements in wind-generators currently being tested promise 
greater simplici^v lower cost, and greater piitput' and efficiency - 
making ^ the a myA more competative electrical source for isplated 
dwellings. The increased consideration of .microclimatic conditions ^ 
an'd ambient energy availability such as solar ^nd wind energy suggest 
considerable regionalization in energy systems design because of 
widely varying conditions. 



COOLING 

Air conditioning specifically based upon income energy sources. is not 
nearly as well developed as solar heating systems, although at least 
two^solar operated air 'conditioning systems are under development. 
Incorporation of aj^ cooditioning-^^^'^solar design^ is considered 
attractive because^ it gets. _ double ^use out of the collectors and - 
yuse them^ in their most productive pericpd. DevelopiT\ents in storage 
of summer heat are making these economics jonnecessary and allowing the 
need for incorporating air conditioning to be decided upon from 
other factors such as iDenefits of acclimatization vs. air conditioning 
for psychological and physiological health. , 



There is also considerable variation in the Efficiency of currently ■ 
available air conditioning systems /, and room foi: -more improvement ° " 
m their efficiency - Whentheyare considered neceSsary. "'^e^ 
teal desirability of mech^zed air coo],ing system's, appeats, somewhat - 
questionable except in specialized situations such as hospitals, sOnte 
industrial processes, etc. -It ,is invariably. a Wigh energy-donsuiiiing 
,proces9, and ^f qxiestionah^fe psychological and physiological benefit'." . 
vWhere mechanical ventilation is necessary,, attic fans c^n bften , ' 
achieve better results than air condit4,oning. ' ' • 
. ■ ■ • ' " . . " 

The careful utilization pf natural micr6-climatic conditions , uSe 
of landscape cooling, ; architectural devices, -and theVnaturally 
• available heat sinks and heat rhythms for tanperin^ smmnettiihe- " 
tempe^tures can offer in ygst places a qu^ satisfactorr tnyirtinment 
exce^for a few peak daya.-"** Our Specification of iifVariableV ^•- 
year ^^und working cpnditions c6uld .perhaps be- more' called 'into ' 
question, vs.. the energy efficiency of not working on th'e^few ho^ ' 
days and a mdre relaxed attitude towards work regijlari^y. - ' ' 



FOOD-V 



0ufagricultural,practice.8 are actually energy sinka - consuming , 
considerably more energy than they produce , aiid are^mor^ th^ 600o1« • 
times less efficient than Chinese 7'ice agriculture.^^ InorgaMc ' 
fertilizers, extended food chains involved In meat pro'duction, oyer- "* 
processing of food products all pyramid food costs, energy u'se, ana 
substantially lower food freshness and nutritional qii»al-i*y. A ch^ge 
to a dominantly -vegetarian diet would .Require only about one-t^nth 
the farmland, production, and* energy bonsuirption we pr6sently employ. "^^ 
A wider use of unprocessed ,fd6ds can eliminate consider^le waste ^d 
energy lase in preparation and packaging and giVe tl^e home fresher 
and anore nutritious foods. Recycling the nutriments 'and energy- in' 
our bodily waste , onto the fields can eliminate waste' pUrificat'ion ,/ ^/ 
ctosts, lessen water pollution, ^d lessen"- the dependence upon i' 
> artificial manufacturexi fertilizers.*^ .'Different farming pethodS 
(local farming, less meVianizatioA , eliVination of monoculture - 
companion planting, organic spil conditioners, etc.), shortening , the' " 
food cha^ by eating less meat, minimizing processing, and recycling 
the waste? can substantially less4n^he energy/cdns.uined^ in the ftow 
of. foo<M:hrough the^ home . SUbstantfal benefits' also develop - fresher , 
healthier foods, less water pdMution; less demand for land for ' * • 
farming, less industrial intrusion • into the environment, and morei " / 
humane work opportunities and control of liJrocesses affecting us. . ' ^ 

The. actual food storage and "cooking in the home consume only perhaps 
8-10% of the power consumed ^n the* home but can o/fer interesting, 
.saving,! . Cooking requires high temperature , -controllable heat, and 
the alternatives to fossil fuels or electricity s„eem harder to' find ^ 
than in some other ^^ectors of the home^.''- Tjie use of organic methane 
or hydrogen; of charcoal or- Wood; or^wind-, methane-, or hydro-electrici 
•seem posrsible in^ addition presently iather awkward lolar cookers. 
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coven 



Fireless Cooker 




The Rentan Stov 




The Konro, 
« Cooking^- Stove 



During the heating season, energy used in cooking and baking ends up' 
heatljig the house, and actually gets additional use out of the energy. 
In the cooling season, however, kitchen heat loads add considerably 
,to the need for and cost of cooling. The Rentan and other charcoal 
stoves used in Japan and China wete extremely efficient in the use of 
heat and ability to .control and change temperature. ° The u?e of woks r 
a^d other similar devices for cooking"Vecjuire less .heat, as ,do 
pressure cookers, which cook in considerably less time^. Thermos 
cookery, fireless coolers, etc. also minimize energy use, as do 
. a number of traditional cooking practices of othe^; cultures such as 
the use of pan breads rather than baking, chopping food so it will ■ 
cook faster, etc. 

Refrigerators consume from 80kwh for conventional models to over 200 
kwh per month for side-by-side frost-free models. The refrigerator 
is always pumping heat from inside into a room that is at at least 70°F, 
while the air temperature outside the home is actually lower than the 
y inside of the refrigerator for much of the year, and the stable 

ground temperature 3-4 feet below the surface stays at 'a s'teady 45-60°. 
The use of alternatiive food storage means and the development of better 
refrigerators can save considerable amounts of energy. 

.' WATER 

^ 'riie conservation of water seems only tangentially related to energy ^ 
conservatioji \inless carefully^^ considered. In areas where water is 
freely 'available it seems questionable to be miserly with its use. 
However, It stiir involves collection, purification, distribution^ heating, 
sewage collection, purification, and dilution, These processes ' 
tfivolve expenditure of energy related to quantity as well as merely' 
to access. The processes also use considerable land,- cau^e detrimental 
effects in our rivers and lakes, and put unnecessary restraint on the 
form and nature of our cities. Unnecessary use of water also breeds 
attitudes of waste which carry* over into other aspects of our lives. 
It is easily possible to reduce water consumption in a .home by over 
70% with no r^use of water other than flushing toilets - and in the 
process gain- some more pleasing experiences. ^ Mist sprays and other 
devices can reduce water use even further, making a home entirely ' 
self-sufficient in regards to water supply and waste. 

Forty percent of the water used in the home is used for flushing the 
toilet; The normal American toilet requires 5 gallons per flush, though 
toilets in^gritain, are designed to operate on 2,5 gal/flush, and less 
for urine. The use of compost toilets ob storage toilets require 
neg^ible amounts of water, and have the added advantage of lessening 
the quantities of sewage that^ need to be processed. By merely reversing 
the valving arrangement in the toilet tank so that it fills and flushes X 
only after the handle is pressed, the waste water from sinks and* showers 
con be used as flush water in the toilets. The use of foot operated 
faucet valves on sinks and wash basins , combined with location close 
to water heaters, can lessen by perhaps a third the water used for • 
^dishwashing and lavatory use. The water used- in bathing can similarly 
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be reduced by perhaps an average of 75% through the use of pressure- 
regulating shower heads, use of Japanese baths (where you rinse off 
before soaking in the tub, allowing the water to. be used for several 
days) , or use of a saxma. - / 

Clothes washing and dryina provide, other op£ort;unity for energy and 
v^ater conservation. The cftstice of the kinds' of clothes and materials 
that a person wears, along wfth his , attitudes towards hygene . influence 
substantially how often clothesN^eed to be washed. Light colored 
clothes look di.rty quickly, and clbthes that wrinkle easily and show 
wear often seed washing for esthetic rather than hyg.enic reasons. 
Permanent press clothes require considerably more water for washing 
than other materials. Normal washers require 20-33 gal/cycle , 'while 
"suds-miser" design, which reuses rinse water for washing, uses 
substantially less, and front- loading machines use 50% Less water than 
top- loaders. Fabrics, detergents., and laundry aids have far more 
effect on water use than the machine design itself. Hand operated 
washers designed by V.I.T.A. off^r substantial savings in addition to 
-lower costs, ^olar clothes dryers (commonly called outdoor clotheslines)' 
^save 80 kwh-of electricity per month over an e!,ectric dryer. Automatic " 
dishwashers use 13-20 gal/day in addition to the water used for 
rinsing dishes. ' ^ 



Substantial reduction of w^ter use has additional benefits in reLeasAg 
the home from the costs and dependence upon connected systems. Low/ 
water usfe more easily accomodates to ambient water supply (rain wat/er , 
wells, etc.), and reabsorption (gardens, leach fields, etc.) withi/^i 
the natural system^ of the land. 7 

Modt "of the household wate^ and at least 75% of bathing water wdAl 
also be heated. Water heating is usually the second greatest energy 
consumer in the home, consuming up tq 25% of the energy used, /solar 
water heaters are probably the most perfected and widely used /feolar 
heating device, and can perform the majority of domestic wate/ heating - 
either as a separate unit or integrated with a solar space hdQting system. 
The use of solar water heating has the added advantage that /it is a 
•year around need rather than winter only, and an use solar /heat when 
It is most readily available. On conventional systems, location of ~ 
the water heaters in heated spaces can reuse the 10% ox nore heat lost 
from the heater for space heating. More heavily insulated units can 
also offer savings in traditional, installations . . " • 7 



WASTE 



The way we treat our bodily wastes,- kitchen wastes, and refuse offer 
us some of the^ mor£ significant possibilities for energy conservation" 
within the .household. Qur kitchen knd bod.ily wastes are plant material 
taken from the soil of |iur farms, and are constituted of the nutriments 
necessary for further ^grpwth of food. Instead of returning them" to 
the fields we conimonly dillute them 98 times with water, flush them 
through the sewers, treat and sterilize those huge quantit^s of sewage, 
flush the soluable nutrients on into the rivers where they caiuse eutrophication 
and either bury the solid y/aste sludge or allow it also to pass into 



e rivers. We then atteupt to restore the soil vitality with 
manufactured chemical fertilizers. All this consumes great 
quantities of energy and causes considerable degradation of. our 
environment. 

The septic tank systems common in suburbia offer a poor alternative, 
being expensive, having high raaintainance and' causing widespread 
pollution of groundwater. The simplest and most valuable alternative 
is con^sting the wastes remove disease problems, and then applying* 
the tompost to the fields as fertilizer and soil conditioner,^^ 
Fairly simple and inexpensive aerobic 'compost toilets are available 
and offer a good solution for isolated dwellings. Their size and 
need for basement space make other .alternatives beneficial in more' 
heavily settled areas. Storage toilets, with either mechanical trap^ 
or recirculating chemical flush, store the wastes in 55 gal. drums or 
similar containers. Lime or other chemicals are added to change the 
pH and prevent decomposition a[nd methaije formation, *The containers 
are periodically collected or pumped, and the wastes taken to 
a central facility where the pH is reversed by adding ashes, etc, 
comported anaerobicly, producing useable quantities of methane gas, ' 
and the compost slurry taken to the fields after stabilization for 
use as fertilizer. More complex aerobic and anaerobip systems are 
available for«high density application, • ' ' ^ 

In the process of learning morci, about the nature and value of our 
wastes and changing our systems that process it, we begin to move 
out of the blind attitudes wie have held towards hygene. With that, 
our bathrooms chan^ from an embarassin^ sanitary facility to s.omething 
more .aJsin to the Jaf^nese toilet or beh^o - more a shrine than a disposal 

Refuse is somewhat more difficult to deal with in its end form, due 
to its complex composition. It general^ly can be considered a sign of 
improper processing - being lai^ely the result of overprocessing and 
packaging and energy-inefficient delivery sy;Btems (such as throw-away 
beverage containers)." -The best, and only really .valid way to deal 
with refuse is to prevent its accumulation. J^Kam^ne where your trash 
comes from and why, and s^e where simpler, and more direct sources of 
supply can be substituted. Reuse of many containers is possible. One 
of the largest accumulations is paper - mostly newspaper,- „ Newsprint 
can be recycled - but have you ever tried getting along Without 
newspapers? The minimal amounts of worn-out goods remaining after ' 
reduction of refuse accumulation can more easily be recycled by 
traditional methods, \ . 

APPLIA^fcES AND TOOLS 

With the exception of televisions ta color television uses as much 
ener^ in a month ^s an ^liectric range) , most small appliances and 
tools consume relatively insignificant amounts of energy in their 
operation, Jheir more/ import ant influence on energy conservation lies 
in the energy consumed in their production, advertising, sales, repair. 
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and maintenanee, and in the effects" they have on our attitudes and 
abilities. 'They often instill the feeling, that it is better to have 
a machine do something for you than to do it yourself, and they are 
skill-replacements - preventing the development of our own innate 
abilities. Other than that, they are often merely a clutter and " 
bother to our lives, and something we can more happily do without. 



LIGHTING 



Lighting accounts for 'only about 10% of the energy use in the home, 
and energy conservation in that area is perhaps fairly hard to come by. 
The safety benefits of electric lighting over other available 
lighting techniques suggests the desirability of electric, lighting, 
though some efficiencies can be found in its use. FlOrescent lightijng 
produces five times the light output of incandescent bulbs consuminc 
the sane energy. The advantage is not quite sp clear-cut-4;hough, 
incandescent lighting ckn usually be more easily used as spo^^ 
lighting and directed onto where it is needed. The size of florescint 
tubes usually means spreading light where It is not needed. The usi 
of PAR (reflector) incandescent lamps offers a useable efficiency ' ^ ' 
similar to florescents - one 30 or 50 watt PAR bulb provides quite 
comfortable light for most situations, without raising background- 
light levels too high. Most homes are overlighted, and lighting placed 
where it works most inefficiently. Care in the location of lights, 
and the proper use of reflectors and focusing lenses ^can give considerably 
more useable light for the energy used. Natural lighting, of course, ^ 
is the obvious solution to daytime lighting needs, and provides ^ 
considerable psychologic^^, heating, and health benefits over 
artificial illumination. Selective switching, few^r and higher 
wattage bulbs, elimination of sjiades and lenses can all assist in- 
improving the lighting obtained from the energy used. " 

STRUCTURE AND FURNISHINGS 

The building a home occupies, and the equipment and furniture p/t 
into it account' for quite substantial consumption of energy. The 
energy used in manufacture and assembly of the materials commonly used 
in a >house is equivalent to that consumed in one or two years of its 
operation. Studies have s^^wn a possible.80% reduction in the 
energy/materials consumed. Change in space use can offer, additional 
savings. Our living patterns are quite space-consumptive - with the 
private bedroom for each member of the family being the "American ^ 
ideal; with separate rooms for eating, "living" , "family" , etc. in 
addition to multiple baths, garages, etc. Considerable space is used 
solely to store the large amounts of equipment accumulated by our 
lifestyles. 
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Mtich of the space in a home becomes unnecessary if different approaches 
are taken to space use and furnishing. Oj) to 50% of the floor space 
in a house is commonly taken up with fixed, heavy ^ and bulky furniture^ * 
that has only single use potentials (beds, tables,: chairs, sofas, bureaus, 
etc.^ Much furniture functions only for esthetics ("that wall really NEEDS 
a nice little table!). Most families spend a ^considerable sum on the 
purchase ,and replacement of furniture - expenditure that represent^s 
»energy and unnecessary work. 

Living pattelnriS'Of other cultures suggest approaches that are more 
comfort^le, use less space and enfergy, and are less expensive. The 
Japanese, Instead of lining furniture up around the edges of a room, 
use the floor for sitting and sleeping - adding a table in the center ^ 
for eating, leisure, etc. The same room can be used for sleeping', 
eating, leisure, work, etc.V_in India, even in verV wealthy periods, 
furniture was almost never used - the people^prefering to Bit- on rugs 
on the floor. The sitting rooms in traditional Turkish hpuses are, 
quite small, and lined arpund the edge with wide sitting platfo^ns 
.>which can be used for sleeping at night, and with the addition of a 
table in the center, for eating. Many cultures find it strange to 
sleep alone in separate rooms i - prefering to sleep close to other 
people they are close to. 



Chang^in our living habits can result in need for less space, with 
consequent reduction in energy used to build, maintain, heat, cool, 
and li^ht it. Change to less processed, local materials and simpler 
building processes can saAne energy in construction. The elimination 
of most furniture, and the use of simple sitting/sleeping platforms, 
homemade pillows, etc. can reduce to a fraction the amount of energy 
going into the futnishinig and" upkeep of a hbuse. 

The energy involved in manufacture and processing of building materials 
and in construction £uid maintenamce of buildings is fairly oonplex to 
calculate. Aluminum requires incrediblie amounts of electricity to 
be processed from ore. The actual energyi efficiency differs, 
depending on whether the ^lecitricity comes from hydro or fossil fuel 
generation . The amount of scrap recycled in th$ m€Uiu^acture of the 
material also affects the energy consumed - less than one fifth the 
energy is required to recycle aluminum than to refine it from^ore. 
Changes in manufacturing processes, as we become more energy conscious, 
can substantially change the relative' "energy m^it" of tJifferent 
materials.- However, some gerieral guidelines can be considered. The 
less processed a material, the less energy involved in its making (but 
possibly the more required in its asseijpi^ly or application) . The more 
traditional or "natural" the material, the more economical. For 
instance, roofs traditrionally were surfaced with slate, wood shakes^ 
clay tile, metal, thatch, or sod.' Those robfs today cost two to 
four times what an asphalt shingle roof does, but "also last several 
times as long. Asphalt roofs last from 15-25 years, sod, 60 years or 
-more, slate or tile mora than 100 years. Thinkir^ in any other than 
short terms, it is both wiser and more beautiful to use the traditional 
materials. - 
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(TABLE I) MATERULSANO ENERGY USE FOR COrwSTR UCno >V 

Energy Inputs \ . mental Impuctg 

1800 k\Vh/ion \ n X lO'kWh Localised air pollu- 



yearly Materials Consumption 
1967-69 Average 



n X \0* tons 

V 



Cement 

CoiKrctc • X 10* tons 



Concrete 
block pipe 
Asbestos 
cement 



Bricks 
(All types) 

r Plastics 

Slate 

Plaster & 
Gypsum 

Steel & 
Iron 

Copper & 
Brass 



Aluminium 
Glass 

Timber 



1.5 X lOVions 
520 X 10»toas 



4 X IGMons 
22 X 10* Ions 
900 X 10* tons 

1.5 X 10* tons 

83 X 10> tons 



3 X I0» Ions 
470 X IO*sqft 



^--500 kWb/(on 

^OOkWh/ion 
2200 kNVh/ioris 



7 X 1 0» bricks 0.2 kWh/brick 



2400 kWh/ton 
500 kWh/ton 
300 kWh/ton 

3.5 kWh/ib: 

5 H^Vh/lb 



8 kWh/lbt 
6 kWh/>q ft 



1.6 X, ip'cu metres 70 kWh/cu.m 
Total energy use: 



tion. 

* Demand for apcrc- 
^gatc — beach darnaue 

\ic : 



1.2 X lO'kWh Asbc^(om of proces- 
sing workers. Local 

asbcslos^viller polluV 
tion. 

3.4 X 10» kWh I 150 acrcs/ycar dere- 
liciion of brick earth 
'zonesH " / 

10 X lO^kWh Locaris^watcr&air 

^ollnUon.- 

11 X lO«k\Vh /Lark;c transport cotTV 

ponenf. 

270 X 10* kWh Localised pcJllmion; 

waste disposal dere-* 
fiction, \ 

, 4 X 10»kWh Waler & air €pollu- 
tion. Raised outHow 
ofironcompdslo sea. 

900 X lO'kWh Local air & water 
pollution. iMincdere'o 
liction. Raised run- 
off, 

56 X 10* k^h FJiiorosis pollulion. 
3 X IO«k\Vh ^pcalised air pollu- 
,t.ftn, . • 

1 10 X 10« kWh / IS|uch imported , ' , 
Linked to. over rapid 
forest clearance etc. 

'-40.X lO'kWh 



TYPICAL MATERIALS AND ENERGY lt<JPUTS VoR STANDARD 
HOUSING UNITS (Parker^Morris* standard 3-bea semi-detached. 100 m* Hoorspace) 



Materials 
Bricks: 16.000 
Steel: 1.2 tons 
Glass :"320 fi» 
Concrete\: 10 tons 
: Cement : Ztons 
"Plaster: 3 loi« 
Timber:' 4.3jMi. m.- 
Plastics: 250 Ibi 
Paint: 4700 sq.ft. 
Copper & Brmss: 500 lbs 
Others: — 



£j\ergy 
Inputs 
'320O.k\VK 
9200 kWh ,.- 
2000 kWh 
5000 kWh . 
, 3600 k Wh 
900 kWh 
310 kWh 
300 kWh ' 
500 kWh 
' 2500 kWh 
teOOkWh 

31.510 fc\Vh 



Materials Transport 
Bricks 6«) miles at 1.5 kWh/ton mile: 
Timber 250 miles at IkWh/to'n mil^: 
cment 40 milc»at 1.5 kWh/ton mile: 



^ ; , ■ ■ ■ / 

Alternative^ : 10 soil<ement blocks / 

8 cii. ytU. ccb[icnt and handling: 12,-50O k\Vh 

Soil: 50 tons (hand labour): 50 kXVh 

Localised woochsupply: ^ 150 kVVh 

Class: \ 20<X>k]ivh 

In situ rendering materials: 100 kjwh 

Metals: ' \ 1500/1 

Others \ 2500Viiwh 



Site Preparation > 
Excavation/Handling: aOOOcu. ft — 600(yaVh 
Cement mixing,and Miscellaneous machinery: 

• /V. . 'r , 4200 kWh 

100 xals fuel <• 

^ 10,200 kWh 



32tfdk\Vh 
llOOkWh 
400 k Wh 

4700 k\\h Total inputs 31.500 + 10,200 4- 

47db 

- 53.700 k\Vh 
Altcm«ttve 2: Rammed earth 
80 cu. yds cnrth. 70 men days: 
160 cu. yds. earth iuvert: 
Cla%i: 

Timber: \ 
Rendering: 
Metals 

Othen: ' . 



^100 kWh 
150 kWU 
1500 kWh 
150 kWh 
50 kWh 
1000 kWh^ 
2000 kWh 



Total 



18,80qkWh - 



Total 



4,850kWh 



The energy costs, as well *as the dollar: costs of , building can be altered 
substantially by changing the context of building. Building to last 
200 years rather than twenty stretches the energy used more than" 20 
times. The reuseability or recyclability of materials i and building 
components also affects the yearly energy cost of a building. If we 
would build houses like the Chinese, tH^t can be disassembled, the 
^timbers sold, and reused in another building,' the energy costs ^muld 
?gain be Stretched out. The actual amount of material going into a 
btiilding not ^s important a factor as the lifespan, reuseability, 
finance, and otter secondary costs^ . The. need to finance rather than 
to build as- money becomes available' increases the "energy" costs of 
building l>y involving more people's worked prof-it - which is true 
of other secondary costs of building. Craft-building rather than 
industrialized building process^es can.,produc^ better buildino^ for ' 
less cost and .energy. ^^^^ 



The spatial organization of buildings also kffect the energy con^mption 
in their operation. High-rise buildings' require energy^operated elevators*, 
mechanical ventilation, etc. Tall buildings 'often generate higher 
transportation costs. Depending on insulation and surface materials, 
large buildings may or may -not have greater heat loss and gain. The 
energy cost of building also needs to be considered on somewhat wider 
grounds than just physical comfort aid minimal cost for enclosing space. 
Our needs in terms of psychic space are both more dif f ic(rft*and 
more expensive to satisfy than those for our pl^ysical existence. The ' 
most economical house from ah energy standpoint would probably be 
spherical,, as it would hav^ least area to lose heat; it would be windowless 
because most heat is lost- through windows; and it would be ijnderground 
to->take advantage of the constant temperatuie. Unfortunately; it 
wouldn't be a very nice place to live, and wouldn» t' take into account 
our need for stimulus, 'information, challenge, and growth. The 
balancing of many coitplex factors suggests that we don't want the 
/optimizatifon of energy conservation, but .rather a knowledge of the " 
I energy cos't^of various alternatives so we might better weigh their 
\relative advantages and disadvantages in assisting Ms .towards the kind 
of life we #ish to live. 



CONNECTED SYSTEMS 

We tend to think of the -energy flows through a home as a thing 
separate from the context in which we choose to build, locate, and use 
the home. In reality, they are^quite interdependent. The cost of 
moving people, information, fresh air, water, waste, work, and 
recreation to and from a home form a more considerable part of our 
national energy consumption than the energy flows necessary to sustair/ 
ahd operate the home itself. 'Meaningful consideratiol^ of means to 
conserve energy in the home must include consideration of its 
connected systems. ■ " 
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jost toilets are available now wl^ieh cost only $100 or. so more than 
„. normal flush toilet, which produce fertilizer rather than water . 
pollution, and which consume no ^irat^r, require no sewage hookup or 
sewage treatment, o With options av^iilable, oxxc normal pattern of 
J^okiricf .homes up to sewage Systems, agnd t]ft6ir attendent costs, must 
become a part of our consideration 9 f, household energy conaR^hqption. 

Our practices of separating the home rom the workplace generate a ^ 
considerable part of the 24% of our energy consumption einployed for 
transportation (in addition to highway construction, maintainenqe , , - 
automobile manufe^ptiire, etc.), and they also involve duplication of 
water, sewage, power, gas, police and fire systems, and additional • 
building and^ oj^^rating costs. The use of unshaded asphalt streets .and 
parking areas\absDrb 97% of the sun Vs energy striking the pavement, 
,causing temperatures near the ground of ;pf ten more than 50 above normal. 
That in turh causes more ^ 3s e of air conditioning, which in txarn expels " 
-iniore heat into the outside environment, generating additional need 
for ait conditioning. , ' » ^ » 

, . ^ ^ ' ^ <^ - - 

' ^ ■ * > ^ ""^'"'^ * ji* ^ ' ' 

Our bxjilding and living practices are ^ased on ari assumption tha€ 

urban living, is more desirable than otfter, that sejiSir^tion '6f different 
parts of ourjlivfes is desirable, and that ;the city is M^iakf^iciertt, 
desirable place to live. On the contrary, a city is^;^herently 
ineff-icient in supplying people with^ their daily ne^s. Onbe the 
natural capacity of the land is overtaxed, expensive artificial 
systems have to be introduced to cope with what the hatiiral systems 
of the environment take care of automatically at lower densities. 
The city is efficient only in terms of communication, people 
relationships, and the more complex luxuries of modem living practices. 

The inistitutionalization of our social relationships also increases 
substantially the dollar and energy costs qf housing. The separation 
of elderly people into special "compiexes" rather than caring for them 
at home creates additional needs for ^facilities , services, etc. The 
Reparation of learning from the home generates diiplication of / ^ * 

facilities £md additional transportation. The energy consumed *Wor 
street lighting for "safety", rather than dealing with the causes of 
social problems could well be considered an inefficiency. TJie absence 
of -lifespan. costing in investment building, and consideration of 
city infrastructure costs in changes in land use all create increased 
costs and energy consumption in indirect ways. The networking costs 
of delivery of urban servicers to decentralized areas are considerable, 
and involve considerable energy losses as compared to autonomous 
housing ahd neighborhoods.. Property tax structures penalize t^e 
Tnaintencuice of t^uild^ings as wg(11 as preventing good constr^tljbTfr 



A change in 'fossil fuel availability and a change to predominantly * 
income energy sources will brifig eJbout a consideretble change in city 
location and form - income energy sources are basicly disperse sources,'^ 
a^ opposed to the concentrated forms of oil, gas, and co^l. They 
are generally <nore easily collected and used at the point of use, 
fapd lessen the desirability qf centralized power and fu'^1 source„s. * 

• ' B . : . ^ ' V ■ 

®- See The Value of Thermal InsulaJ:ioji in Residential Construction , 
John Moy^rs, Oak Ridge, Tenn. 1971. The economically feasible * 
insulation values are not projected beyond preaeht norms, however. 

9. See "The House that Has Its'Furrtace in the Sky", POPULAR MECHANICS,"^- 
June, 1973, for- a recent di^cus^ion of .the'.Thomason solar heating 

. system. ^ 

10. S^e "The Solar^Era", MECHANICAL ENGI.NEERING', October 1972 for a 
discussion of Harold Hay's simple heating and cooling designs, 

11. See "Experimental Cooling-Heating System", C-.A. Mills, ARCHITECTURAL 
FORUM, Nov. 1950. * ' . 

12. See "Sun Heated Ski* Lodge Slit into Mountain"* Slope" , Paul Jacques'* 
Grillo. INTERIORS, jA., 1951,' ^and recent ^voKk'of Steve ^ Bae#. for 
simple, unmechcinized systems-i ^ ' , 

13. See SOLAR ONE, Institute of l^lnergy Conservation, University of Delewu 

14. See O\iroboros Project , School of Architecture, Univ. of Minnesota, 

15. See recent designs by Allan Sondak at the University of Minnesota 
and by Windworks, Mukwonago# Wis. \^ 

16. See work of Harpld Hay, Paolo Soleri, Climate Near the Ground , 

by Rudolf Geiger, Micro-climate section of >Energy and Architecture; » 
' * Sources for numerous ideas.' 

17. "Factory Farming is not Efficient", Ijeff Cox, ORGANIC GARDENING 
AND FARMING, June 19 7 ^ . , ' 

18. Diet for a Small Planet , Frances Moore Lape. 

^% Farmers of 40 Centuries , F.H. King, 1911, and. Composting. , Harold Go'ta* 
W.H.O. Monograph #31. ' . « 

20. ilouses and People of Japan , Bruno Taut, pp-25-26. 

21. See Environmental Design Primer section on^ Waste and Energy for 
discission of compareJtDle costs of waste treatment in Shanghai ai 
Minne^olis. . ^ ^ , 

22. A Study of Flow Reduction and Treatment of/Waste Water from 
11050 FKE .12/69. U.S. Dep^t. of Interior./ 

23. See The Ecol Operation , Minimum Housin^/ferqdp, School of A|:chi 
— McGill University, and earlier stUdiesL^by yBuckmin%er Full^i 

24. StDp-the Five Gallojni^:yjia;;&h, Minimum Jtiousitiq Grqup, ' McGill ^ 

25. Water Supply for Rural Areas"^and-.Smallj:3ommu^ 
W.H.O. Monograph #42. "f^ ' . 

26.. Composting ^ Harold Gotaas , has a comprehensive liiblip^aphy or 
"pathogen destruction Studies. I* 



27. Stop the Five Gallon Flush , McGill University. 
,28. "Health Requires Natural Light", PREVENTION, JS^ptember 1973. 

29. "Low Energy Housing", Artdrew^MacKillop,^Hf^C0LCX3IST, Dec. 1972* 

30. See Energy and Architecture: Sources ', aft^n^iLTERNATIVE SOURCES OF 
ENERGY, #9 for fuller references^. 
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Ouroboros 

:THE BENEFITS OP AN 1^Q?URE APPROACH " <t ' . 

' * ' . * ' ■ 

Ouroboros was the mythological (Jr agon which 4 su'jBvived by eati^.^.^ 
tail and its own fece^, and was a syin!!fel of a World that survM^'-t)y 
endlessly devouring itself. It, serves today as a model-'of £he' syste 
of life 'operating on this planet - closed systems, undulatirl' in "wave 
of energy , that pass through cycles of ^l^emate life ani death.* it 
IS also the name of an Experimental house?^con^t*ructed-in th^' spring 
and summer "Of 1973 by. the students in the Environmentals-Pesign. class 
of the School pf Architecture and tandscage Architecture of the^ 
University of Minnesota, which is testing 'many of the''«ib6ve energy- 
conservation ideas along with other approached inJavailding and ' ' 
learning., * _ Jp?^ ■ J*."- 

•All " ' . - ■ ' . ■ 





Perhaps the most valuable lesson l^afmed in the d^sigrSof ^the i1:ru6ture> 
was ^ the l^enefits of an impiirejapproach - instead focusing solely ' 
on a single method.of Cnergy cAnserv^tionf; or si?i.gle income energy^ 
' source ,^ or taking a purely engineeririg'-)approach*t6 tfi^ study ,of energy 
systems, ^t attempted to take advantage >of the many diffe^nt' rhythms 
and flows of energy through' oxir environjhent |md .to design' interactive 
systems to i*se those^ener^its compatibly. -Th^ accumulated savings v 
offered by many techniques -linked together have made Dossible -the 
design of a house that is^ 100% solar htfate<^An Minnesota* s .chillii,g 
8000 degree-day winter , -44ithJ:emperature|^ich drop sometimes' to ^35°F 



The^i^pproach taken recognized that most existing" studieb on energy « • , ■ 
\cop§ervation and income energy sources ' for homes Vere siifgle- system - 
studies - few e\^lua-ting combinat-iona of ' systems and" few xeccMgniyin^"- 
that life style attitudes, arcliite^tu^l^d landscape consi<^rationa,/ 
• and connected systems outside the home had^:r^erhaps more bi^ificant 
, role in tM totaO. energy: flows through a iiome t|ian a single Keating, 
w^ste,-of t)ther syst«n. It also rg!Gognj.zed f*at energy 'conservation ~~ 
was onXir one element in designing a living place thdt was . spir-itually - 
V and,F^sychologically good as well as soundly engineered. It was felt 
thj^t these various 'systems , considered together,- of fer "edon'omies 
<and b'enef its^ot apparent in single-system studied. ^ 

The p^roject began in fall 197^ witlv^a-study of income energy sources 
and energy. conservatioTLJteGhni^fi&i;, followed in the winter by ^ design 
competition^ong the -students , with construction begitfn^ng' in jthe 
spring.\ .The 160 .Students in the class brought together many ijleresting 
ideas, many of which were inco"rpora;t,ed in the cfe^i'gn of tlK initial 
; structure* The building itself was 'based -on rather *h^// 

industrialized building processe^s,- and reli^-^s much as P04sible- on 
natural materials and--«ie reuse of 'Inateiji'^ salvaged fr^i^buildings 
...^^5^^°^"^ dMiol-itlon. The giesign and Erection o!^vthe/structur>^ ' 
^5^55- ^®"^ experiment in " alternative learning proce,&ses - learning 
^V.-*hrou^ actual desigfi an,^^ building rather than theoretical academic 
^exercises. ' 
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Although many experts had adirised that solar heating was not feasible 
in Minnesota, there were a number of indications that the economics 
and efficiencies ha^ chcinged significantly enough to justify development. 
Existing and projected increases in ^uel costs made increased thertnal 
insulation and the higher initial investinent of solar systems both 
more competative^ The long Minnesota winter can expect a- ground cover ' 
of snow over at least four months', giving more than a 30% gain in 
energy hitting a solar collector through reflectance off of the snow. 
The development of low emmiaivity coatings^bffers^ perhaps a 15% increase 
in collector efficiency. Microclimatic and architectural contributions 
to minimizing heat loss from the structure had not been fully explor^ed ^ 
in earlier studies, Windows, for existance, can be insulated at night 
so they can act as one-way valves, allowing sunlight^ and heat ♦^in dtiring 
the day, then preventing its Ib^s at night. They 'provide very low . 
cost solar heating, along with the psychological^ benefits. of ^unsbine 
and viewt, and permit a smaller conventional solar collector to store 
heat 'during the daytime for Use^at night. A change in design temperature 
from the common 72-75 down to 68 gives both physiological »benefits 
and heating savings. The development of lower cost hesat storage 
♦through either water or saturate^ earth reduces the costs of energy 
storage, and the developntent 6f t^ec^iques of summer hea% storage can 
eliminate the need for* duplicatory back-up heating systems. The 
combination of the domestic water heating, which operates all year, 
with the space heating^YS^*^ can bfier further economies. 

Combined with jother developments improving systems efficiencies and 
reducing collector costs', it was possJJole to develop a design which 
offered both 100% .solar d)pace heating and 100% solar hot watc^r for the 
hbus an 2a:chitecturally a^d psychologically satisfying design.' 

The origfinal feeling of the poi^sibility of solar heating in severe / 
climates has since been reinforced by news that a major heating sys^tem 
manufacturer was developing a solar operated heating/water/air conditioning 
^ system fbr domestic use. 

Other features of the house, include -trapazoidal building shape to 
minimize heat loss surface while? maxi/milzing south^exposure^ for solar 
windows and collectors, eayth bermsjto take advaittage of constant ^ /, 

heat within the ground, avoidance, jof air conditioning through design ^ // 
of ventil^ation slnd insulation sysiiems (including a sod roof for summer 
cooling) , investigation of efficiency of downdraft wood burners, low 
energy furniture and space usJe design, a 4 kw wind electrical generator, 
insulation of ail surfaces to 0.03 U-value, an aerobic sewac^e compostixig 
system, reduction of water usage; by 70%, Japanese bath and mist shower, 
a greenhou^e^ for nuftrient, water, oxygen, and heat conservation, and 
energy conservation in cooking, lighting^ and use patterns. 
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Plang, for later investigations include methane production from 
domestic ^d plant wastes, determination of support capacity of 
natural systems of the land related "to water supply, repu^^dfiiration , 
etc., radiemt heating, heat pump emd heat pipe studies, v^ilization 
of waste hea;t from electrical generation, ^and low energy cold storage 
for food. 



Information from this project emd the perhaps 100 other experimental 
"ecology" houses currently being designed emd built in this country 
alone should fairly thoroughly document the nature of improved systems 
efficiencies emd rather considered^le energy savings pos|^ble through 
careful consideration of energy source and consumption. The changes 
in our attitudes, lifestyles, governmental, policies, planning 
{^'programs, connected systems, etc. that are responsible for* the greater 
inefficiencies of our culture will require a deeper emd more careful 
introspection emd understemding of the problems and benefits involved. 



31. See The Ecol Operation, McjSill University ; studies by thfe Technica^ 
Division, University of Cambridge on autonomous ^jpusing, work at 
New/ Alchemy Institute, New Paltz, N.Y., Santa Barbara/ Univ. of 
Texas at Austin, etc. 



Section througfi hibuse/ and collector 
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tSod Roofs And Wood Heat 



BROADENING OUR MEASURES OF "ECONOM:^^' 

Over t^e last -few decades the main concern of architects, the building 
industry, and 'the heating and appliance manufacturers has been in 
.designing more sophisticated, more automated, emd more expensive 
ways of living,. The discovery that "air conditioning" was possible 
was taken to mean that air conditioning should be used everywhere and 
for everyone. Development of^ devices to contrpl room temperature within 
a fraction of a degree led us to assume that such "optimum" temperatures 
were desirable,* when -in fact desirable rootn teni>eratures vary from 
individual to individual, and also depend upon.^ person's activity, 
mood, time of day, state of health, etc. As p result, we have 
inadvertantly ihade it increasingly difficult for people who wish to 
live simply (with privies and wpod|heat and wells and small bungalows 
and gardens) to do so - regulating simplicity out of existence and 
i^eplacing it with Expensive transportation, sewage, electrical networks, 
and building codes. Yet simplicity ,. when chosen freely, can offer 
alternative uses of a person's and a place's energy flows which 
give qu^te valuable physical, psychological, and spiritual benefits, 

SOD ROOFS 

A, " 

Many traditional ways of building and living are actually more efficient 
than current ones, and often offer substantially greater beauty and 
psychoXogica'l bene f its, ^ScJd roofs have been commonly used in many 
parts/of the world, particularly in northeVn climates where fire hazard 
makesf thatch dangerous, and freezing c^ditions mak^' tile, roofs less 
practical. ' They continue to be used in Scandinavia today, particularly 
on skunia roofs, but anywhere where the spiritual, ecological, and 
traditional aspects of the building proces^ are important. Mention 
of sod roofs in this country brings the inevitable response "but they 
are heavy and' require twice the cost of structural framing", or sometimes, 
"bub how do you mow them?" - then forgotten. Looked at more, thoroughly, 
they, like many other traditional practices, offer many more benefits 
than apparent at first glance, and can compete quirte favorably in economic 
terms with the now common asphalt shingles* ^ 

The traditi^onal Scandinavian sod roof was laid in two layers of sod 
over a laye^ of birchbark shingles- Birchbark is one of the most ■ 
rotproof natural material^ available, and formed a waterproofing layer ' 
for>any water that , seeped through the sod. The sod itself was laid 
irfi two layers, each ^of which waS from 3-5 inches thick, in order to_.^ 
gain the thickness necessary to keep the grass from drying out^. 
The first was laid with 'th^e grass down, the second staggeMd so the ' 
joints didn't coincide, and laid with the grass up. The grass on 
the lower layer held the dirt together until the roots of the upper 
layer penetratefd the,aower, and e^s^ the cutting and laying operations, 
as well as keeping* water penetration to a minimum. The edges of the 
roof were held in pXace with logs to Jretain the soil, traditional 
,sod roofs^^^re expected to last at least 60 years - theoretically 
forever, but nutrient leachirig) required either occasidnal fertilization 
or replacement every 60 yearsTjor so, / 
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Modern, super-cautions ^•sod roof design rfeplac^s the,birdf\bark with 
p a layer of roll roofing, a coating of salvage \eme a layer of 
6-mill black polyethelene , and another layer ofi^elvnge cement. 
The primary cause of deterioration of s|ch a waterproofing membrane 
is in root penetration in search of wa^r (no problem if you keep the 
water on top of it!) ^d some deterioration of the asphaltic compounds 
through acidic root conditions. 

Because of our inexperience with it, /it is difficult to precisely 
evaluate the installation cost of a ysod roof. Some rough comparisons 
can be made, Tiowever. An asphalt shingle roof costs about $35/square, 
and has a life of from 15-25 years/ Slate qr clay tile roofs cqst 
around $12S-130/square , but have eJ life of from' 60-100 years. The 
cost of a sod roof^will vary depejflding on whether you do the work or 
hire it done, and whether you user native sod or purchase coramerciar 
sod. Normal meadow sod is fairli^ good for roofs, being commonly / 
broome grass and bluegrass: Brdbme grass propagates through underground 
stems, which gives considerable/strength to the sod. Meadow girass 
. does have a tendency toilay do\^ when long, losing some of the shading 
-potential of the sod. Prarie grasses such as sheeps fescue and red 
fescue are stronger and alsb nbre drought-resistant. Mineral soil 
sod rather than organic soil |od should be used if purchased commercially, 
as the organic soil sod dries|^ out very quickly and does not retain 
water well.. 



•Material and in^allation coUs of the roll rooCing/selvage/p6*//selvage 
should run fairly comparable! to that of asphalt strip shingles. Added 
structural costs and the insftallation of the sod itself would add to 
the cost. Based on an expeafted 60 year life,' a sod roof would outlast 
an asphal^ roof four times. \ Over the 60 year period,' $ld5 would thus . ' 
be available out of the equi^Hralent cost of replacing asphalt roofs to 
pay for the added structure, s0d, labor, and amortization. 

The sod roof slow^ water runoff, creates o|^gen, provides living places 

for other forms of life, has a4 insulative value equivalent to half 

its thickness in fiberglass insulation (6" sod would equal 3" of fiberglass) 

It has a more beautiful appearance than aspKalt shingles, and contributes 

substantially to keeping the house coal in the summer.' The surface of 

an asphalt roof can be easily 50 hotter than the surrouhding air in 

the summer, and attic temperatures under them often climb to 140-150^. 

The temperature at ^the soil surface in sod is rarely more than 2° higher • 

than surrounding air temperature. The tall grass shades the actual 

roof and dissipates the heat to the air better. It also cools through 

the normal evaporative processes of the grass. This, combined with 

the natural insulative Ability of the soil, substantially eliminates^ 

one of the major heat gain sources that make houses uncomfortable in. 

the summer, thereby eliminating considerable demand for the .use of 

air conditioning. Together^i theee bejnefit^^^e sod roofs desirable 

and even economically competative for anyone concerned with more th'ah 

merely first cost of const^ction. . They require, however, that we 

consider more than just the narrow economics of lowest first cost. 
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WOOD HEAT ^ ' 

"Wood heats you twice - once when you cut ^t, -and onpe again when , 
you burn it." Thoreau , ^ ' V — ^II!^ 

Wood has been the dominant fuel for cooking, space heating, and 
industry throughout history. Even today, taken on a world-wide 
•basis, it is ^tiH one. of the most widely ,;;used fuels. It is rarely 
used in o\\r country for a variety of reasons, but still has considerable 
advantages for isolated dwellings, in forested areas, and where the 
fuel cost^ are high. - Some individuals are even abl^ to harvest and 
burn the Considerable number o5 trees that die or are removed each year 
Ih-N^ cities for freeWay and building construction. Recent advancements 
in the design of woo<3 burners considerably intt)rove the efficiency of 
combustion and lessen the bothersome work of periodically adding fuel to 
the burner. Today, many burners will operate from 12 to 24 hours on 
a single loading, and.. can-be thermostatically set to maintain even 
tempei^ture in the home. 

' _ • . ''i) ^ 

The role of green plants in solar energy conversion is often 6verlooked 
in searching for massive energy supplies, the use of green plants for 
methane prodiicition is receiving study, but the use of wood is still 
f;airly ignored. The actual efficiency of energy conversion from 
sunlight ip not as great as other processes , but the fuel potentials 
of wood and agricultural wastes are merely a useful byproduct of other 
beneficial processes. The methane; potential pf agricultural wastes 
remain after the grains are harvested,, and the soil conditioning 
properties remain' after methane ptodiiction . Similarly with wood, the ^ 
fuel wood 'is often a byproduct of shade ; .oixygen production, soil 
building and retention, aquifer recharge, building materials, etc.- 

Fuel wood can be grown in relatively inaccessible places without 
causing the labor expense, of alternative uses of the land. Fireplaces 
give only perhaps 8% burning efficiency, and many stoves only around 
15%, but rtodem downdraft, thermostatically controlled burners such 
.as the Ashley get more than 50% efficiency. (Which compares to about 
60+% efficiency on a home oil or gas furnace) Burning green wood 
gives much less heat than wood that has seasoned for six months or 
more - up to 30% of the heat energy in the wood is used to evaporate 
the excess moisture in the wood. Most woodlot^ yield about one cord 
of wood per acre pear year, with 6-12 cords needed per year for heating 
a house (depending on size, location, construction, kind of wood, etc.) 
The BTU content of one cord of wood varies from 24,600,000 for hickory 
to 12,50d,000 for aspen. ' 

Wood, heat is generally less expensive than convenience fuels such 
as oil pr^gas, and is becoming relatively cheaper as the cost of 
fossil fuels increase. A cord of air dry hickory htas the heating 
equivalent to 1.1 tons of coal, 154 gallons of #2 fuel oil, or 25,000 
cubic feet of natural gas. .Proper managing of wobdlots, efficient 
handling in,the cutting ahd storing, maintenance of interior chimneys 
in good conaition, proper seasoning of the wood, and burning in a 
proper ^^pe of heater or furnace pah contribute to the econqmy'and 
efficiency ,of wood heat and majc^ it one of the many techniques for 
living simply afhd economically without heavy pressure on our^land.^^ 
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BTU CONTENT OF ONE CORD OF VARIOUS WOODS 
KtodofWood BTU, per cord 

Hickory 24600000 

22.700.000 

^,1^^ ^r.2i;i00.000 

y!u ' ......;.:..2i;a»/»o 

f > ao,ooojooo 

Jjf *'^'^ ia.600,000 

J^'i^.- • .,..::Jajsoofloo 

WhU0Fifie , , , . . .V. . ,i . . . I :J3;^fi00 

^ Aspen .... ; :, ;^12.500fib6 



Sod roofs, wood heat, and compost toilets are a few examples of 
effective alternatives to hi^h cost, high energy consumptive processes 
t^at we are more familiar .with . They require a broader understanding 
of economics which can reveal the h*idden costs of, our high-energy 
technology. In the long run, all economics are energy economics, 
and because natural systenp are based on energy flows, energy-based 
economics can develop environmentally soun^ and efficient actions. 
Our current economic policies have been tied, like all aspects of 
our cfulture, to short term availability of cheap energy through using 
up our capital reserves of fuels. Consequently, they introduce 
massive amounts of outside energy into our processes, allowing us to 
' ignore their nature and possibilities. They make our thinliing ) ' 

short-term, which is almost always envir:onmentally Ijarmful or energetically 
wasteful. • ^ 
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••The Return of the Sod Roof, I^6tH£R EARTH ^?EWS, #18. 
Ashley Thermostatic Wood Burning Circulator / Ashley Automatic Heater 
Compemy, Sheffield, Ala. / \ ^ 

Forestry Facts : Wcjod as Fuel for^ Heatirlg , \lo: 6, Code 831. Dept. 
of Forestry, University iqf Wisconsin. Also \ ••Wood Fuel Combustion 
Practices^^, L.H. Reineke. U.S. Forest Servie?e, and"Heating Your 
Home without Harming Nature ••, ORGANIC GARDENING AND FARMING, March,a973 
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Downdraft wood burner] 



33 



Why Live Lightly ? 

Our concerns with energy conservation have arisen almost entirely 
because of current limitations in fuel availability smd the environmental 
effects of energy usage (automobile pollutipn, power plant siting problems, 
etc.). We continue to assume that if those pf obi ems could be overcome', 
we would wish to use even more energy. We ar6./ interested in energy 
conservation because we have to be, not because we feel there is' 
intrinsic benefit in it. 'Yet we have not inquired if there ape 
intrinsic benefits in 'simpler ways of life common in all other cultures 
and times, and if there are perhaps some intrinsic disadvantages to 
the high energy cortsun^Jtive culture we have developed in the last 
century. 

The obvious and direct problems with high energy consumption are 
well known. Resource depletion, environmental 'damage, .pollution- ^ 
caused health problems, radiation health threats, etc. are common 
kncrwledge. Yet the more significant negative aspects of energy use 
are indirect, long-ter^, rarely visible, and deeply intwined with 
the value systems we hold. Many of them are not side-effects, but - 
inherent in the substitution 5f machine energy for our own in our 
activities. 

Machines prevent our personal growth and the development of ouir -faculties. 
Many of the machines that we have developed to supposedly a'ssist us 
in our activities and make '^them easier actually prevent our gaining 
the inherent benefits thdt we seek in those activities The Winnebagos 
that we take with us to the wilderness bring-Wtfn them familiar ways 
of doing things that prevent us from becoming aiware of siii5)ler and 
more meaningful ways that would emerge from livings closer to the 
existing surroundings. Power tools turn a peaceful task that requires 
and develops skills into a noi^y, Screaming ordeal. Machines substitute^ 
for development of skills and the self-respect, confidence, and knowledge 
they bring. They^^ generally prevent us from having opportunities to 
york ourselves^and thus to learn. They occupy our time with their 
maintenance -^d repair. 

High use of enerqy^ imits the ability of an individual to either 
understand or controriEh^e^ forces affecting his life. Low energy 
use limits the energy ^ich can be applied to our en^ to the energy 
flows inherent in our ecosystem. The appisi^cation of esoteric energy 
sources removes that Limitation and leads tol^nl^aJa^^ 

of ecosystems. Low use of energy leads to'^irxdepeiRSenteconomies . High 
energy use leads to intei^epen'):|ent economies. Interdependent economies 
destroy craf twork^and^JJi^^ independence of self- 

controlled ^^WorkT^materials , "and markets. It takes wisdomXo live well 
with little use of Energy - but wisdom is what we ought to be. seeking. 
High use of ener'gy permits ignorance to be hidden over a short^ period ' * 
of time, but in the long run theft ignorance outruns , even the masking 
power of high energy use. Poverty does not allow carelessness. Simplicity 
keeps men honest. Poverty breeds wisdom. ' , x 
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us from the processes and information in 



High energy use separates ^ 

nature. Artificially heated and ;sealed buildings; windowless, 
artificially lighted spaced, processed foods, water and sewage systems 
all minimize the visibleness of our relationships with nature. When 
all we see of our water supply is the six inches between the tap and 
the drain, the knowledge of the burden we place on our surroundings 
through excess use is difficult to, obtain, and the need to preserve 
areas fbr aquifer recharge is a purely abstract concept. When 
all we Jcnow.of the processes that should be returning the nutrients 
in our bodily wastes to the fields they came from is a flushing sound " 
'►ehind our backs, it is difficult to know that, the processes we use 
are polluting streams and lakes instead of fertilizing fields, arid— " 
th^t we are paying many times the cost of proper processes . ' 



Place^created by mail can only express the knowledge HE has, which we 
all know^ds quite limited. Close contact with the richer and, vaster 
processed of nature is important both to give him opporturiity to 
discover .more about the forces of our world, and to allW him to 
.test and realize the limitations and effects of /the processes he 
employs in his world. • 

High energy use prevents us from receiving important infoiTna^Nion 
from each other and from our surroundings. We are deeply interconnected 
with each 6ther and with our surroundings through interaction of \ 
electromagnetic fields which communicate information aligning our 
bodily rhythms and processes with that. of ^ our surroundings. Those 
fields are drowned out and blocked by the great energy fluxes that we 
surround ourselves with. Even the electrical wiring and lighting 
of our homes can create fields disrupting normal information flow. 
The steel frames of modem buildings aqt also to block out information, 
which^ leads to a vague sense of separation i^and alienation - from our 
surroundings. ' v 

Replacement of craft-work by machine-energy prevents the expression 
of a sense of care in our surroundings, ' The elimination of craft-work 
both prevents .the personal satisfactions of the craftsman and substitute; 
a mechanized, meaning-less product for the* care-fully wrought work of 
the craftsman. Our surroundings reflect no sense of the people ' 
involved in their making^, and of the joy, frustrations, and insights 
of those people. The relations between the madcers and users of 
the artifacts of any culture are. far more complex and profound in 
meaning than the simplistic exchange mechanisms of» our industrialized . ' 
society can express,' A sen?e of love and care in our surroundings is 
essential feedback to the attitudes we take towards others and an 
important factor in what_aur--eities coinyey_to us about the interdependenc 
and value, of people to people, N . ' 



Ht^fh use of energy creates intrinsically bad environment^.- Low cost, ' 
and high availability of epfergy make it cheaper and easier for a * 
builder to keep a building cool by mechanical refrigeration than by 
planting a tree to shacle it. We end up wi^ closed-in buildings, no 
shade, no evaporative cooling of outdoor .spaces,* less oxygen, fewer 
dollars, less aquifer recharge, loss or the birds, and other creatures 
harbored by trees, and loss of all the pleasant psychbaogical and I , * 

. spiritual benefits of vegetation in our surroundings. High ^energy/ 
use permits high ris6, high volume; ^d high density bvfUdipg - all 
of which are inherently inefficient as well rfa psychological!^ damiiging. 
It makes eksier the jlnSensltive and careless alteration of our surroundings, 
and allows us to igr>or« the unique qualities an^ natures of those , 

- stirroundings. • ^ 

. ' .1 . . 

High energy use generates greed a<id competition. Most energy sources 
are limited in supply, and questions of their ownership and control 
bring ig^erent conflict -all the way from individual to international 
levels. Moreqyer, a feeling of dependence upon them brings a sense 
of desperation to the conflicts which does little to encourage the 
nobler instincts in man. . ' ' > ^ 

Waste has been inherent in our patterns of energy use - from heating 
buildings with the^windowa open to leaving lights burning all ijight 
to wasting all the energy inherent in our sewage. \ Our actions and 
iftitudes carry over into other aspects of QVir lives, and we loSe 
the ability to catefully know our needs and; minimize the demJhds we 
place on others. A wasteful society rarely understands the nature 
of the processes and events in which it is invoWed in anywhere near " 
the depth, that a careful society does and doesn't even realize 
the deduction in its effort if it were to minimize the energy and work 
flows through it. . » ' 

High use of energy creates inefficiencies {^n other areas, of our lives,^ 
Energy wasteful automobile transportation 'encourages separation 
of living, working, learning, and leisure - generating redxindant 
city services, unnecessary building, unnecessary ecJucationaX systems, 
etc. Lack of exercise in ao energy-servant culture generates 

^need fyr unnecessary medical care^ facilities and recreational facilities . 

.High<jBnergy. use has brought about the urbanization of oiir populatioi^ - 
arid ^^i ties are inherently inefficient. 

Our energy attitudes affect what we gain from oxir work' ^d leisure. 

"Labor-saving" machines and appliances remove much of the n§ed for ^ 

skill in many kinds of. work, father than be^ng a benefit, 

this robs us of opjportunity to develop our abilities and gain finer 

coi]itrol of .our thoughts and actions. TSie deyelop^^ent of uhreVarding 

work results in the need to gain satisfaction elsewhere, and (thus the 

growth of "recreation" to fill the emptiness in dlir lives and the 

lack of healthy exercise. High use of energy in our work generates 

the need for other work or actipn^ to gain thg benefits normally , 

inherent in work. The need^to substitute recreation for work not 

only generates additional costs, energy use, and ^environmental \ 

detefioration by itself, but also lessens, the insights we gain through- 

wor^c ^out the processes involvied and ^obut life itself. It also 
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lessens 
work. 



the amount of ti;ne we have available, Jor useful^ mean irl^al' 



\ 



Bodily tensions caused by energy ase .gener.attf alienation from our 
world and our neighbors. Th^' adrenelin-f illed pac/a^of 'modem high- 
energy society builds up mental tensions while preventing the 
release of muscular tensions. The interconnep^d mental, muscuiak. 
sexual, and spiritual tensions built up makje^as strongly aware 
of 'the musculaij and physical separation b^een what lies within 
our skins and what lies outs.ide, generating a real sens^ of alienation 
from ovur world. Complete relaxatiory6f those. tens ions removes such ' 
barriers and merfges the awareness^ inner and oute^^states and— 
events, allowing us to become^^^w^e of and develB'p concern for the 
processes outside us asjwel3ras wi-thin. - , ' 



There are techn(Dlogies available tib us other th^rTthe energy- intensive 
ones-we are familiar v|ith that can offer us different opportunities 
for personal and cultiiral growth. There are energy sources available 
-which can easily satisfy less extravagant needs than our own. There 
are ways of livingj^qh can^avoid the alienation and separation 
resulta£it-^«mrour. own, while generating more •positive work and 
learning. / 

There is a joy of living lightly and a peacefulness of working 
directly with the processes of which we are a part which are entirely 
missing from pur culture. Many things that ha^fe been developed by 
our energy intensive culture we are coming to recognize as generating 
subsidiai;y problems, dependency, energy consumption , and prevention 
of our growth and development - filling our lives vith unimportant and 
meaningless activity, and- bringing "degradation to our surroundings. ^ 
Choosing to live lightly, in ways that consume little energy', can be 
-'-^ortunity to live a more rewarding and interesting life, rather 



tRan a hardship. 

Happiness comes from generating energy rather than consuming it. 
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f^^ Th e Indian Ctaf€an«n . Ananda CoomarasWkiAy , The Long-Leqqed' 
Houser Wendell Berry.; "Brain 'Power Should Increase With Aqe" 
PREVENTION, June 1970. . "9^, 

See. "The Flow of Energy in an Agricultural Society", Roy A 
Rappaport, SCIENTIFIC AMERICAN, Sept. 1971. 

See "Feng-shui", Environmental Design Primer . Tom Bender, and 

Electri-city A Natural Force for flealth", PREVENTION, Nov. 1970. 
Some relationship exists betweert-.the massiv<^il reserves offshore 
of Southeast A3ia and the U.S. involvement there. ^ 
Farmers of 40 Centuries, F.H. King,"'give5 a rfeVealing picture of 
the inbred concern and understahding, of the farmers for their 
land and the energy flows througft it,. ' ' ' ; 
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^Opening OptiftmCht How We Live 



Living lightly, with littfle consiimption of energy and resources and 
little denumd upon'oth^ people and places requires some incentives 
to change from cony^tional^patterns of waste and- overconsumption. ^ 
Knowledge of the;::^trin3ic harmfulness of high energy consumption, 
and icnowledge^^M the limitation of our - fossil fuel resd\irces can 
prov4^e^,.so^ie incentive. ^~t- remains that we are, for a while # a 
wearffiynation, and we often persottaily have incomes greater than 
that necespary^o sustain us comfortably. The disposal of that 
wealth in our traditional living patterns almost invariably involves 
vJnnecessary work or production, energy consviiiqption, and damage to 
our resources, land,,auid selves. We can easily live well on 
considerably less energy' than we now consume, and live an exciting, 
comfortable^ and meaningful life doing it. The question remains 
as to what we do wi^ih the rest of our time and money. j 

Our convenjfeional pattern is to Spend 40 hours a week from the ages ° 
of 20 to 65, at a fairly high wage, in usually boring, fruistrating, 
and non-tsrdative* work. Money produce^ in this way is saved to live 
on in retirement aiid to pay for recreation in non-working hours. 
Our general pattferh is to earn much and spend much - unwisely and 
rather wsiste fully. Living on less can open up several options to 
that traditional patt-ern. a ^ <j 



We cap keet^^t the same kind of work and retir^ much earlier - becoming 
completely free to do the kinds of creative things we desire to do. 

■ ■ ■ s . * 

We can k^ep at thfe same kind of work, but not work continuously. .^Taking 
a year or so qff to do something special, then working a couple of ^7 
years, then taking some more time off, etc.,, ^ 

We can get into more exciting and creative work that pays less tha^ 
the usual exploitive kinds of work. ' / / / 

We^ can work less per day or week or month and enjoy moire rewardiiftg 
use of the rest of our time. ^ ^ ^ ' 



We can live simply and save and use the money .€0 finance our own ventures 
starting a business we always v^ted'^^do but couldn't get financed, 
writing a book we couldn't afford time to do, learning other skills-^" 
we would like toTiavIe, etc. . , ^ ^-^^^^^^^ 



I: 



Or we can totally change the way we work, accepting less money per hour 
of work in return for the opportiinity for the creative work that turns 
our places and\ things into beautifully' crafted, loved, and oared for 
,thinqs. Often the only way we qan do things right, yet 'do them so 
peopIe^^MTi^af for4 them is to earn, le^s doing them, than > we have been 
led to accept as prpper by normal husiriesf^s standards. Yet we find' 
that doing so is often the most creative use of our time, and exchanges 
inflated, exploitive work situations for meaningful and enriching ones. 

It is possible for us to live richer and more rewarding lives on 
a fraction of the energy we now use. The means are available, and 
the benefits great. It requires only the belief that it can be 
accomplished. 
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